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Screening performance of the all-atom Flex-Screen docking approach including receptor flexi-
bility is investigated by using of a ”directory of useful decoys”, DUD. DUD is a bias-corrected
benchmarking database based on 40 different target proteins, where each receptor is associated
with a native ligand, a set of annotated ligands, and a set of decoy molecules that are unlikely to
be binders. The docking performance is evaluated using two criteria: 1) geometrical fidelity of
the docked poses compared to those of the experimental structures; 2) enrichment of annotated
ligands among their decoys, which shows the ability of the docking calculations to distinct be-
tween true positives and nonbinder molecules with the same physical properties. Based on these
results the scoring function and the receptor side-chain rearrangement procedure are optimized.
1 Method
FlexScreen1 is an all-atom docking approach based on the stochastic tunneling method
of the energy minimization and a simple atomistic scoring function that contains a sum
of the Van-der-Waals, electrostatic, hydrogen-bond and salvation energies. The VdW and
hydrogen-bond parameters are taken from OPLSAA2 and AutoDock3, respectively, the
partial charges of the receptors are computed with MOE, and the atomic salvation param-
eters are optimized as described below. The method enables rotation up to 15 side-chain
bonds of the receptor.
Scoring performance of the Flex-Screen approach is benchmarked by using of the DUD
database4 based on 40 target proteins of different classes with available ligand-bound X-
ray crystal structures. For each protein the database includes: 1) crystal structures of the
receptor and its native ligand; 2) a set of the annotated ligands that should in principle dock
well (15-450 molecules); 3) a set of the decoys (about 36 molecules for each annotated lig-
and) that resemble the particular ligand in physical properties, but differ from the ligand
topologically, so that they are likely to be nonbinders.
2 Results
2.1 Optimization of the Salvation Energy Parameters
Salvation energy is described as a sum of energies for the individual atoms that are assumed
to be proportional to the solvent accessible surface area and atomic salvation parameter,
ASP5. All atoms are divided into two groups: those responsible for 1) hydrophobic and
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Figure 1. RMS deviation of the docked poses from the crystal ones for optimized ASPs versus the same values
computed without salvation energy. 40 protein-ligand structures are included.
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Figure 2. Distributions of annotated ligands in percentage (solid lines) and decoys (dashed lines) of the androgen
receptor plotted as a function on their binding energies: (a) receptor is rigid; (b) 10 receptor side chains are
flexible; (c) 15 receptor residues are shifted by 0.5 nm away from the cavity centre.
2) hydrophilic effects, so that only two ASPs have to be optimized. As an optimization
criterion we use the sum of the RMS deviations of the docked conformations of the native
ligands from the experimental ones.
Inclusion of the salvation energy in the scoring function in general improves docking poses
for most of the ligands (see Fig.1), although some of them (10%) fail to find correct con-
formation regardless salvation effects and, therefore, need additional analysis.
2.2 Receptor Side Chain Rearrangement
Docking screen of the annotated ligand sets has shown that in some cases binding mode
cannot be found because of high-energy clashes between protein and ligand atoms arising
from the VdW term. To improve docking efficiency we enable receptor rearrangement
by using of two approaches:1) rotation of up to 15 receptor side-chain bonds, 2) shift (by
about 0.25-0.5 nm) of the receptor residues that are involved in clashes away from the
binding pocket centre. Fig.2 demonstrates how both methods influence docking efficiency
of annotated ligands and their decoys.
It is important to note, that receptor flexibility either improves or at least does not change
scoring performance of the docking method. Although both approaches help to reduce
a number of nondocking ligands and increase absolute value of the binding energy, the
second method has been found to be usually more effective and notably less expensive.
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Figure 3. EF−1 for 28 receptors plotted as a function of the average energy of hydrogen bonds formed by
docked ligands.
2.3 Enrichment of Annotated Ligands Among their Own Decoys
Efficiency of the docking method selectivity is estimated by computing of the inverse en-
richment factor, EF−1, for each receptor, described as a relation of the top-scoring decoys
to the top-scoring annotated ligands (expressed as a percentage of the total number of the
decoys and ligands, respectively). ”top-scoring” molecule means that the absolute value of
its binding energy is larger than at least 80% of that for the corresponding native ligand. A
small value of EF−1 shows that annotated ligands dock notably better than their decoys
for the particular receptor, whereas EF−1 > 1 indicates that the docking approach cannot
distinguish between molecules with similar physical but different chemical properties.
Docking results of the preliminary calculations without salvation effects, summarized in
Fig.3, indicate that: 1) the screening performance of the method is quite effective for about
70% of the targets, and 2) the docking efficiency depends strongly on the hydrogen-bond
energy, e.g. essentially all molecules can find appropriate binding mode by unspecific in-
teraction. Since most of the receptors with large value of EF−1 have open binding pock-
ets, we expect that inclusion of the salvation energy in the scoring function will improve
docking performance in these cases. These calculations are in progress.
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